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ABSTRACT
Homes contain a plethora of devices for audio-visual content consumption, which intelligent reproduction systems
can exploit to give the best possible experience. To investigate media device ownership in the home, media
service-types usage and solitary versus group audio/audio-visual media consumption, a survey of UK households
with 1102 respondents was undertaken. The results suggest that there is already significant ownership of wireless
and smart loudspeakers, as well as other interconnected devices containing loudspeakers such as smartphones and
tablets. Questions on group media consumption suggest that the majority of listeners spend more time consuming
media with others than alone, demonstrating an opportunity for systems which can adapt to varying audience
requirements within the same environment.
1 Introduction
Creating immersive media experiences in the home is a
popular topic in both academic and mainstream public-
ations. Whilst technologies for producing spatial audio
experiences are well established, their implementation
in an accessible way to the domestic living environment
faces multiple obstacles. These include: a lack of know-
ledge and therefore confidence in their installation, an
often negative perceived effect on room aesthetics, and
a seemingly asymptotic relationship between cost (of
additional loudspeakers) and perceived improvements
in reproduction quality [1]. Despite this, development
of spatial audio reproduction techniques often focuses
on installing increasing numbers of loudspeakers in
a space, including incorporating height channels, for
which the benefits to the listening experience have been
described [2, 3]. One group of devices, often designed
with the intention of making the setup of a multichan-
nel system in the home simpler, are soundbars. Whilst
there are many different applications of technology in
different models of soundbars, an experiment, examin-
ing their effectiveness compared to 5.1 surround sound
and discrete stereo loudspeaker setups, has suggested
that they perform less well than these formats, based
on a combination of timbral and spatial factors [4].
Two recent papers have described and evaluated a new
reproduction approach called Media Device Orchestra-
tion (MDO) [5, 6]. This approach looks to combine
the flexibility of object-based audio (OBA) [7] with
the increasing prevalence of interconnected devices in
the home, by utilising a combination of installed and
ad-hoc audio capable devices controlled by an intelli-
gent renderer. However, whilst work such as that on
MDO recognises a lack of prevalence of multichannel
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surround sound systems in the home and a suspected in-
crease of interconnected, audio-capable devices, there
seems to be little published information specifically
regarding the general availability of different types of
audio-capable devices in the domestic environment (a
paper by Goodwin [8] focused on systems used by
gamers). To that end, a survey was produced to gather
information about device ownership, delivery and ac-
cess of audio and audio-visual media, and individual
versus group media consumption - all factors which
could strongly influence the development of effective
systems for delivering immersive content to a wider
home audience.
2 Survey Audience and Distribution
The survey was distributed online by GfK1. A pool
of 20,000 potential participants was recruited online
through advertisements, 3000 participants were selec-
ted from the larger pool based on population targets,
to create a survey representative of the UK population.
1102 participants completed the survey and only their
results are included. The regional distribution was:
England: 907; Wales: 63; Scotland: 101; Northern
Ireland: 31. The age group distribution was: 16-24: 65;
25-34: 116; 35-44: 170; 45-54: 218; 55-64: 232; 65+:
301. The gender split was: Male: 614; Female: 488.
Unless stated otherwise, percentages given are those
weighted by GfK to be representative of the UK popu-
lation per age group, mean percentages are calculated
from the weighted age-group percentages.
3 Audiovisual Media Devices Present in
UK Homes
The first survey question asked: Which of the following
devices are usually present in your home? Please se-
lect all devices, not just those that you own personally.
Results are displayed in Figure 1. Whilst 93.8% have a
television, a much smaller figure of 11.5% have a sur-
round sound system. A greater percentage, 16.9%, have
a sound-bar, despite these being available for a shorter
period of time than surround sound systems, suggest-
ing that devices which are more compact and easier to
install receive greater consumer support. 17.5% have a
wireless loudspeaker and 12.2% a smart loudspeaker,
indicating good market penetration for interconnected
1https://www.gfk.com/
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Fig. 1: Audio and audio-visual media devices against
mean positive ownership percentage, split by
age group. Means across age groups are la-
belled with X.
audio devices. 33.4% have a stereo HiFi system or
similar. 3.9% of homes have a virtual reality device.
Current research into MDO type systems has focused
on using ad-hoc devices, such as wireless loudspeak-
ers, to enhance the stereo presentation generated by
built-in TV or laptop loudspeakers, and stereo HiFi
systems. The survey results suggest that, whilst TV
ownership is predictably high, use of devices which
take over the reproduction of audio accompanying me-
dia played on televisions from their built-in loudspeak-
ers is much lower. Ownership of wireless loudspeak-
ers is greater than that of surround-sound systems or
soundbars. Smartphones and tablets, as audio-capable
devices, could also be included in an MDO system:
smartphone presence is at 82.5% and tablet presence at
66.3%.
4 Audiovisual and Audio-Only Media
Services Used
The next two questions concerned methods and services
used to receive audio-visual and audio-only media. A
summary of the results is displayed in Figure 2. The
question concerning audio-only media asked: Which
of the following methods do you use to receive audio
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Fig. 2: Mean percentage use of audio and audio-visual
delivery services and methods, split by age
group. Means across age groups are labelled
with X.
(e.g. music, radio)? Please select all that apply. The
highest percentage is for CDs at 49.6%. However, a
divide between age groups can be observed: the mean
of the combined 35-65+ groups is 57.5% and the 16-34
age groups is 33.7%. Usage of digital radio broadcast
is 40.3%, free online audio: 34.0%, paid online audio:
19.3%, downloaded digital tracks: 24.7% and vinyl:
16.0%.
The question concerning audio-visual media delivery
methods asked: Which of the following methods do
you use to receive video (e.g. film, TV)? Please select
all that apply. Whilst the mean usage percentages for
the given methods/services is similar, usage by differ-
ent age groups varied, as in the audio-methods ques-
tion. The method with the greatest usage percentage
is streaming in the 25-34 age category at 69.4%, and
similarly for the 45-54 age category at 67.3%. Usage
of streaming services is lowest in the 65+ category at
36.7%. Usage of terrestrial services such as Freeview
or similar showed an increase with age, from 44.3% for
the 16-24 category, up to 62.8% in the 65+ category.
For satellite/cable, usage is at 65.8% for the 45-54 age
group, this was over 10% higher than any other age
group, and over 20% higher than the 16-24 or 25-34 age
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Fig. 3: Mean responses, per age group, of Yes, No and
Don’t Know responses to the questions asking
about ownership of smart devices and voice
assistants. Means across age groups are labelled
with X.
groups. Usage of DVDs/Blu-Rays was highest within
the 35-44 and 45-54 age groups.
5 Ownership of Smart devices and
Voice Assistants
Requirements for a device to be considered Smart are
given by Thompson [9] and include communication
abilities, identification and memory amongst others.
Commonly available examples include smartphones,
smart lightbulbs, smart loudspeakers and smart televi-
sions. The MDO premise utilises interconnected audio-
capable devices to augment the listening experience, of
which many will fall into the smart classification [5].
Participants were asked both about smart device and
voice-assistant ownership. Voice-assistants are gener-
ally smart devices which specifically enable interaction
via voice control. Devices which are voice, and there-
fore microphone, enabled could potentially be used for
system calibration and dynamic customisation of ren-
dering parameters. Weighted percentages for the UK
population are displayed in Figure 3. A mean weighted
average of 15.5% own a voice assistant (e.g. Amazon
Echo, Google Home) and 11.7% a smart device, reveal-
ing potential confusion as to what constitutes a smart
device amongst the general public.
6 Audiovisual and Audio-Only Media
Consumption Time of Individuals and
Groups
The next section asked questions concerning hours
spent consuming broadcast media weekly, alone or with
others. Channel-based reproduction systems require
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participants to be in specific positions to accurately re-
create localisation cues [10], and published standards
reflect these requirements [11]. Some research sug-
gests that the size of the effective listening position or
sweet-spot can be increased by utilising higher channel
count systems [12]. When designing systems to suit
single listeners, guidelines can be provided concerning
the most effective listening position, though it is far
from a given that they will be followed. For groups of
listeners, it is not feasible to assume that each member
will be able to listen to content from the sweet spot,
which should be taken into account when designing
systems for the domestic environment.
The first question asked how long participants spend
consuming media with others from their household
(Percentages are displayed in Figure 4). 13.3%
(weighted) of people consume none, suggesting that
86.7% of people spend at least some time weekly con-
suming media with others in their household. The
median and highest mean percentages fall in the 4-8
hours category. For media consumption time alone,
the median percentage falls in the 2-4 hours category,
suggesting that group media consumption takes up a
greater percentage of weekly time than individual, sup-
porting the development of systems which have im-
provements to the listening experiences for groups as
one of their core tenets. To the question concerning
media consumption with or as a visitor to your/a home,
the median percentage and the highest aggregated mean
percentage fall in the Less than 1 hour category, sug-
gesting that audiences spend significantly less time
consuming media with those outside of their household
when doing so in a group setting.
The results to the questions on social usage provide
motivation for considering how MDO could be utilised
to provide improved listening experiences to solitary
listeners and groups of listeners. Woodcock et al. [6]
demonstrated that MDO can provide a superior listen-
ing experience to Off sweet-spot listeners, as is the
typical case in the living room, than traditional channel-
based reproduction. These results suggest that listeners
spend more time consuming media with their house-
hold than individually, and between approximately four
and eight times as long weekly consuming audio-only
or audio-visual media with members of their household
than with visitors to their home or as visitors to an-
other home. The latter may impact the extent to which
customisability, altering the rendering to suit different
listener positions, accessibility needs or preferences,
would be a regularly used feature for users of MDO-
type systems, with a mean average household size in
the UK of 2.3 persons [13], the variety of different
combinations of listeners will generally be limited.
7 Conclusion
Whilst audio technologies for the domestic market con-
tinue to develop rapidly, consideration needs to be
given to the feasibility of implementation in the home
environment. From the responses given, it appears a
vast majority of listeners are utilising their built-in TV
loudspeakers when consuming audio and audio-visual
content. Installed channel-based systems, which offer
improvements in sound quality, are much less com-
monly found in homes. Wireless loudspeakers are more
prevalent amongst participants than discrete surround
sound systems and sound-bars, and smart devices are
already more prevalent than discrete surround sound
systems, particularly amongst younger demographics.
Combined with the prevalence of mobile computing
devices such as smartphones and laptops, these results
suggest that homes already appear suitable for new
reproduction methods such as Media Device Orchestra-
tion.
When considering the aims of new systems for the
domestic environment, particular attention needs to be
given to reproducing effective audio experiences for
groups of listeners. The data presented here suggests
that listeners spend a greater amount of time weekly
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consuming audio/audio-visual media with members of
their household than alone.
It is hoped that the results of this survey will provide
motivation and justification for developing audio sys-
tems for the home environment which can deliver
more immersive experiences, whilst also being prac-
tical for the general public to install. To provide more
information, interactive online versions of the plots
generated from the survey responses are available at:
iosr.uk/render2.
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